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I. INTRODUCTION

The problem considered in this paper is to generate auto-
correlated random variates via computer and study the effects of
various levels of correlation on goodness of fit problems. This
is of interest to the Terrestrial Environment Branch, Aerospace
Environment Division, Space Sciences Laboratory, George C.
Marshall Space Flight Center, Alabama, and the financial support
for the project was under NASA contract number NAS8-29286. The
results will be useful in determining the distribution or esti-
mating the parameters of populations in which we have correlated
observations, such as wind speed and temperature.

The model and simulation techniques are presented in section
2. Utilizing a Univac 70/46 computer, normal correlated data .s
generated and analyzed in section 3. The Kolmogorov-Smirnov
statistic and chi-square goodness of fit are used in the analysis.
Section 4 describes the computer programs and their use with the

actual programs listed in the appendix.
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2. MODEL AND SIMULATION

If X and Y are jointly normally distributed, then it is

knawnthat Y|X is normally distributed with mean

M
Yy % Yy

and o, = Oy = 0 then
Y|X ~ N(u + p (X - u), o2(1 - p?))
or Y!x-u+p(x-u)+aﬁ—-—;2°z
where Z ~ N(0,1).
Thus it was decided to recursively generate a randpom sample,

xl""'xm via the formula

(2.1) Xy =u+p (X;_; -u) + )1~ p? Z;

where Z; - N(O,1).
By mathematical induction it can be shown that
(2.2) E[Xy] = u and Var(Xy] = ¢? for all i.

Moreover, with a little patience, the auto-correlation function

is given by
(2.3) pyx(T) = 017l

Thus with (2.1) we are able to generate a sequence of autocor-
related normal variates.,
After searching the literature it was learned that (2.1) is

a version of a first order autoregressive process. Mihram [3)

o
+ p?l (X - u,) and variance ozy(l - p?). MResume u, =y = U
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defines an autoregressive process X(t) of order m by
m
X(t) - u = La;[x(t-1) - u ] + e(t)

x i=l1
where {e(t)} is a white-noise process of mean zero. Thus we
could use (2.1) to generate variates of any specified distribution
with autocorrelation given in (2.3), by choosing the white-noise
appropriately.

One other process that might be useful in applications,

particularly to wind speeds mentioned by Falls [l], is the moving

average process of order k. This model is of the form

k
(2.4) X(t) -~ u = Lhyje(t-i)
x i=0

where {ec(t)} is a white noise process of mean zero. The advan-
tage of this model is that the autocorrelation is zero when the

lag 1 exceeds k. For example, the second-order moving average

process

X(t) =~y =¢(t) + .75e(t - 1) + .25e(t - 2)

has autocorrelation function

1 =0

577 1=l

Prx (T) = 154 1 = 2
0 Tt >3

Thus the correlation goes to zero after each third observation.
The model given in (2.1) was simulated by first generating k
uniformly distributed random numbers in (0,1). By the Central
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k
Limit Theorem it is known that as k + «, 2 = (I x1 - k/2)/v k/12
i=]

approaches a standard normal distribution. It is star;dard pro~
cedure to choose k = 12; thus, for each 12 uniformly distributed
random numbers we obtained a single realization from a standard
normal population. By this technique samples of size n = 20, 40,
100, and 500 were generated. Each sample, {zi:i-l....,n}, was
transformed via (2.1) to yield our autocorrelated samples
{Xyti=1,...,n}. Correlations of + .1, + .3, + .5, + .7 and + .9

ware used.




3. RESULTS~GOODNESS OF FIT

To simplify the problem, a mean of zero and standard de-
viation of one were chosen in all analyses. For each sample
size, five distinct samples were generated from the N(0,1)
population. These samples were then checked for £it by the
Kolmogorov-Smirnov and chi-square statistics before and after
applying the transformation. An example is presented in Table
3.1. Naturally, for small sample sizes the fit of the initial
data was not very good in many cases. This was due to the
fact that the sample mean was not close to zero or the sample
standard deviation was not close t> one. Be that as it may,
it was observed that after applying the transformation (2.1)
small correlations did not affect the fit as much as large
positive correlations. This is pointed out in figures 3.2
through 3.6. In each instance the probability level of the
K-8 statistic is plotted before and after the transformation.
The probability before transforming is represented by a dot and
by a cross after transforming. It is observed that for p = .1
there ie not much difference in the probabilities; however, for
p= .9 there is a large difference and in many cases the proba-
bilities approach zero after transforming. Figures 3.7 through
3.10 illustrate the probabilities for negative correlations.

It is interesting to note from figure 3.10 that a bad fit was
corrected by a large negative correlation. The reason for this

will be given later.

b s s 2> ek BN LK ¢ T e e ke ke e 4 e e




RN I RPINTPEAR B Tt <

1°¢ TTEVL

1 &6 66 66 66 } 66 66 66 66

0009°LZ 0009°% | 000Z°¥T 000Z°E€T] 0008°¥T 000°% | 000¥°0Z 000¥"L
9620°0 LT68°0 | 8082°0 6009°0 | 988T°0 TZ89°0 | TZT10°0 609%°0
Wmva.o 8L50°0 | 0660°0 99L0°0 | 980T°0 LTLO°O0 | 86ST°0 €580°0
6S6T°T 6€66°0 | Z6CL'0 0€06°0 | ¥¥Z8°0 ¥Z96°0 | E€00°T LEOO'T

BLLTO 0tE0°0 S¥20°0 6£00°0 8G€0°0- €0E0°0-| S9T¥°0- S880°0-

66 66

0009°88 0009°2T

0000°0 OE6T"0

6¥8€°0 TBOT"O

S6£8°0 LETO'T

8LS8°0 LL6T"O

poaeT poajer pa3el poaet po3el
-91100) TPuLION -3130) TewiIoN -8110) TPewIoN -313100) TRULION -91XI00) TewmION
G 91dures ¢ oTduwes ¢ orduwes Z a7dureg T o1dwes

00T = I9qump 6°0 = UOTILTDIIOD 0°T = UOTIRTAS(Q paepuels 0°0 = ueay

= A A i e

-bs-TyD
30 -qoxd
-3e3s S-X
asG *D3IS

obexsay

e



0 ER A Gy A W R -

S 4 M M . ? : - A SN |
SRS NN B DN 4 ; . 30 & , NS SRS S S
- e R et -- + - . .- - 4 .- . i -~ 4 - .- PUDIE JESUU GHEDS P SEN n.s.ﬁ - -
D e St R S S T T T S St E i S S Sty el somniet SESS SN
) R R .. . s - . N 1 ‘.- PO e e o e — o - * .n»«.,;;‘;‘,o-»‘;x. B S .=
. .o . . . i . B N . . DURNERE S S M
: + m ¢ . .

'

CiopeskEwl L b oot =n T er=lN

s

v g e

. : i -l
JENEDOUN SO SNAEN GNP S - .- . . .. . I SR PR S PN GEEUENY S S . .
- .« e - - et R - - - - Y - - . - - PN T - - - P N - P— -
[ R R .- - . . . o R I R U S —
-
- - - - - - . - . . - t . - ~ - - - - - - -
SO S S S . i . ! : : 1 SO B O R T
L i el R - + - ' 3 f v - . - - - . - . - BT R
- - P R -~ -9 - R - . . . * ]
. - -

TEop o - S :
R S U S — - — : — ¥ 13 — T -
A S R : : : D SRS Sai RS S SR
I S .J»~A» ..“w coTT - N - .- - - -4 - - e oo

————— = » - - - - . - w - - 4 - - . :
—— e - PR . . - R U Voo e - - . S S e - Coa- ..
D S et SO o S S Tyt *K : S S WJ )
N [ S -~ - - - . FE T b - P - S — . - P -

. + 3

— PO S _ _— L mn - N e e - - - - o - b —— - — ————— . d———— e am 2 % 4 o —— - -
DG Suiits SU SR T oTs ‘ ,Tw?“ . PR oo : oS

B St Suschiit Salat ST LT T . POl v ot T 9% .
D SN SR - - o o ol En i S Ty o
: ! : pe
T - _ B . . . " -
- - : - - N : T Y "o
. : : : N ) . g . 8
- - - . - . - .- p -

- - . ‘ - N - .

I i ' - 4 . :

U PR S . . . Do Tl o
S St fh '(.W - - - - - - - - - - - - -

S e . - - - B . . . . .. . - ©
D S ‘ : X X i i . X : ) N T — 0T
—— —— = - - R - - - - . - 2 H . - ...- H .

.- [ ISR EERES B ¢ . . - . . . - } . . - : - - - -

T M v -
'.Hl.n!w Tt .u.m - N T . o R - t - - - - - - - - e m e - .- R
.- . . : . . ' - - . . .
- - . - - . - - - .- - . .- . - - .- - .
. - N - - - - - 1 M St - - . * -
- : ! ; - T ; ; N : . : - -
R ' SR . . . - . - I . . . .- - . . .

i - ) . . . . . i . A N N

. N , R . . . . . . .- . . H .- . . - . . -

. T
- - [ (I S, e e e o = e o o e . [ (D S 4 - - - R T T IR . ,.,\l

. I o : - : X : : : I O A S S

[ $b- -~ - - .- .. - - - - - - - - . -t . - - s H . - - - H - 4 e e o .

- PR +~ - - - - - . - - - - - - .- - . - - - 1 - . . 4 4 - - 'y -4 - - 4 - -

y . . - i H — . -
———e et e e e - - . - [ i ah s s [N SR S BEN PSP SN SAR - .
PREDREESE R SRR —— - - R S e R St R —4 e e o -y .- B . -
JE GRS (U NS AU U N B S -4 R S NS S M b DU T . .
e - [P S T T - R R A B e IR INY SN QU [P URI U SUNTRIUR S, -

-~

e QY



1 c%&&lguﬂﬂmduﬂuogdﬁ sanbya =

|
f
|

I

o 00§ =R w  ooT =N . | T ov=m ] oz=a
- — : A “0°0
ISR SUU AU | US| ST TSR e =

e e mm e e el UDIS | S S N

e . |

. | . | S : S SR S

T

0°T

e e il | sl
. ' | + : , N
H
¥
H
S B
]
1 '
i
| |
H
}
.
!
‘
,
|
S ST Syt PSR Saahay +:
,
s'
,
1
t
1
T 1
.
H
=
]
|
+
i
!
{
!
{
: t
1d oo v—g o
A L
|
{
.
' ?
[}
:
[ ] ™~
[} [ ]
8

Y Y ) ) )



.d'A'ld

IBILIT T @ URISINAL PASE [S

o,

© e et AR T TS M e ae o

0 =-IX0)' USYM OTISTILIS S-M JO SOTIITIqPQOXd ¥°€

oy = N

W

IR

R R Sy

—y -

L=y armaad

% a



. : T <1 . .
h.cuuouuouwuazmowuwMujummnn

-+

3o ssrattrquqoad m.w sanbtrd

__.I||l:lx [ : e e e e e e . I, e e e e
' ! 1 . L - L )
T , omﬂunn, .............. o-ww-zw ONHII
T T mﬁ T

e T e e e S R RN S |
SN N N S B S iwlmi 4
. . L T ] W i N I B

. : g w ’

- Aw - ' )

| , . ‘

) - ) )

&

R M o~ =4t O

‘

-

\

10



) M ORGSR

PPRUODUCTIBHTY O

|
1
!
-

| §°0 =°"9T10D USYM

OTISTI®IS S-¥ JO SOTI3ITIIqeqoid 9°f axabry

~——

e

[ e o o et e g

‘0

°0\

AHO

11



ﬂ‘-?‘]ulxﬂliilllllm lals @)

|
s
1

]
—_— -

. .
+ t

90T = N

.
3

e m— e - -

+

lxrllﬁll\llxc'll ——

110t =°%300 Boﬁ.ﬁ.#ﬂw& w..u mq %mﬁn% L' ﬁ:mﬂ r

. og=N

,M_u-v-—-—.-f-.-T——~
!
i
i
| . - s
-

!

M
|
:

e e e et e A e =
f

. . —_— - -

'

'

. < -

— - — PR _— —— e -
- - i L4
. - -

.

+

e e b e e = e

T

A

1 - 9 |»,|xrtl}
- i

t

1

X

12



§*0- =°IIC6D USHM OTISTILIS $-¥ 3O

! oy

l
"4

!

€ @2anbtrg

1]4

[Ny

LS PR

8]

(A}

13



f . L°0- ="3I0D ueyq OT)STILIS §-A JO SOTIITIIqeqeaqd 6it o«sm&.—

e e ce = e o - e i e - et o e e e et e ——— e e

"

I

4
{
|
{
|
|
i
|
o
S
~
1

]
=
i
1
1
]
- I
e
o |
Nl
4...“.’
" |
T
|
]
|
|
|

'
i
l
i
. . i
el e e e e D = rte e
. X !
1
i
|
4

'
P
™
L e}
3
T
«©
.

14



—r

6°'0- =°IX0D

-

‘usym OTISTITYS S-X¥ 3JO sorlifIqeqoid OT-€ ambrgy — . T

00§ = N - 00T = N w ov = N & 0Z = N
it
1 x | | S M
S ! L e -
| [ ;
|| | q |
i | . .
- wl H i ~ h mmm l
i ; .
% | :.
* 1
? m

it

W N - o
(=]

15



e TR i AR e h e

[ ™

The next step in the problem was to generate a sample from
the N(0,1) population, apply the transformation five time using
the correlations of .1, .3, .5, .7 and .9 to observe, in ad-

dition to checking the goodness of fit, how the means and stan-

dard deviations were affected. An example of the output is

presented in Table 3.11.

Mean=0.0 Std.Dev.=1.0 N=100
Normal Corr.=0.1 Corr.=0.3 Corr.=0.5 Corr.=0.7 Corr.=0.9
Average 0.0039 0.0046 0.0059 0.0073 0.0103 0.0246
St. Dev. 0.9030 0.9023 0.8934 0.8695 0.8263 0.7392
K-S Stat. 0.0766 0.0933 0.0794 0.0688 0.0900 0.0990
Prob. of 0.6009 0.3489 0.5535 0.7319 0.3923 0.2808
Chi-8q. 13.2 6.2 17.4 8.0 8.6 14.2
DF 99 99 99 99 99 99
TABLE 3.11

Theoretically, from (2.2) we would expect the mean and

standard deviation to remain constant for all levels of corre-

lation.

I"~wever, this is not the case since we are sampling

from & J(0,1) population and the sample mean will not neces-

sarily be zero nor will the sample standard deviation be one.

From Table 3.11 we see that initially the sample mean is posi-

tive and after applying increasing levels of correlation the

sample mean becomes even more positive. Had the initial sample

maan been negative it would have become more negative as the

16



level of correlation increased. There were five samples of
gize 20, five of size 40, five of size 100 and five of size
500 generated, and in every case where the sample size was 40
or greater the same shift in sample means was observed. That
is, applying a positive correlation tended to shift the sample
mean away from zero.

We also observe from Table 3.11 that the standard deviation
was decreased. Although this did not happen every time, in
those cases where the standard deviation increased it only in-
creased slightly. One conjecture that might be made is that
observations on the tails of the distribution are affected more
drastically than those close to the mean. More specifically,
they are shifted towards the mean by the higher correlations

resulting in a smaller spread.

17



Initially, it was belieyed that negative correlations
would yield the same results. However, after investigating
(five samples of size 20, ten of size 40, ten of size 100 and
five of size 500) it was learned that negative correlations
tend to shift the sample mean the opposite direction towards
zero and in a few cases even past zero. An example of this is

presented in Table 3.12.

Mean=0.0 Std.Dev.=1.0 N=100
Normal Corr.=-.1l Corr.=-.3 Corr.=-.5 Corr.=-.7 Corr.=-.9
Average 0.0680 0.0616 0.0496 0.0381 0.0262 0.0097
St. Dev. 1.1046 1.0993 1.0902 1.0739 1.0243 0.9044
K-S Stat. 0.0897 0.0751 0.0729 0.0615 0.0478 0.0963
Prob. of 0.3963 0.6260 0.6629 0.8434 0.9763 0.3122
Chi-Sq. 8.8000 6.2000 19.2000 7.2000 3.8000 7.2000

DF 99 99 99 99 99 99
TABLE 3.12
As in the case for positive correlations, negative corre-
lations tend to decrease the standard deviation. However, since

this did not occur in all cases, no definite conclusion could

be made.

18



In every case studied a histogram of the data was printed
and it appeared that in all casea normality was preserved. This
should be expected rince normality is preserved under a linear
transformation. Thus, the bad fits recorded by the K-S statistic
was apparently due to the fact that the sample mean and standard
deviation were not close to zero and one respectively. Since
negative correlations shift the mean towards zero, this would
explain why high negative correlation would tend to correct the
data and give a better fit to N(0,1).

A possible extension of the problem would be to test the
goodness of fit by the K-S statistic using X and S for the mean
and standard deviation and utilize the tables constructed by
Lilliefors [2].

Other extensions of the problem would be to generate non-
normal data and observe how the goodness of fit is affected by
correlatiosns or utilize the moving average procecs of order k

given in (2.4) with normal and non-normal data.

19



4. COMPUTER PROGRAM USAGE

The main line program is titled NASAI and utilizes seven
different subroutines. Subroutine RANDU is a standard random
number generator. Subroutine KOLMO which uses subroutines
NDTR and SMIRN computes the Kolmogorov-Smirnov statistic and
the probability of exceeding the observed value of that statis-
tic. Subroutine CHISQR computes the chi-square statistic. Sub-
routine FREQUE calculates frequencies for input for HISTO which
computes a histogram of the data.

To use the programs you must supply two data cards:

CARD 1

Col 1-10: A large odd integer right justified for
a seed of the random number generator

Col 11-14: The size of the sample you wish to
generate (1 < N < 9999, right justified)

Col 15: The number of distinct samples of size

N you wish to generate (1 < M < 9)

CARD 2

The data may be transformed via equation 2.1 using
five distinct correlations. The correlations (positive
or negative) are placed in columns 5 through 24. Be sure
to punch the decimal point or use a F4.1 format.

Col 1 -4 : Dblank

Col 5 -8 : first correlation

Col 9 - 12: second correlation

20
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Col
Col
Col

Coul

Col

13
17
21

25

28

l6:
20:
24

27:

30:

thirxd correlation

fourth correlation

fifth correlation

The mean of the population you wish

to generate your sample from. Punch
the decimal point or use F3.0.

The standard deviation of the popu-
lation you wish to generate your sample
from. Punch the decimal point or use

F3.0.

The output of the program will be a table similar to Table 3.11

followed by six histograms. The first is a histogram of the

uncorrelated normal data. Then the next five histograms will

be of the correlated data with the five different degrees of

correlation.

This procedure will be repeated the number of

times you specified in column 15 of the first data card.
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Summary

Several observations can be made from analyzing the data
generated in this project. First, it should be observed that
there is no observable distinction between samples of size 100
and samples of size 500. Thus we may assume that the process
tends to converge after 100 iterations. Next, the degree of
correlation built in did adversely affect the distribution.

The higher the correlation between observations the more the

data was transformed. This can be observed by investigating
figures 3.2 through 3.6. The probability of the K-S statistic
dropped significantly for larger positive correlations. This

is due to the fact that positive correlations tend to shift the
sample mean away from the population mean--the larger the cor-
relation the grzater the shift; and, in most instances the stan-
dard deviation became smaller. This is pointed out by Table 3.ll.
Although no statistical technigque was used, it was observed from
the histograms that normality was preserved, so the apparent lack
of fit was due to the shift in means and change in the standard
deviation.

For negative correlation the changes were not as drastic.
The shift of the sample mean was towards the population mean
rather than away as was the case for positive correlations.

T.uis is probably due to an oscillating effect. This also ex-
plains why in many cases a bad fit due to a shifted mean was

corrected to give a better fit. The same change in standard

22



deviation was observed. Also, a study of the histograms for
the negative correlations indicates that the lack of fit was
not due to a change in the distribution but rather a change

in the parameters of the distribution.
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O IBILT YROF TRISORICTIOAT FACE 15 DUX. PR

A FukIRat) [V (VLF La3) SHURCE LISTING: 01/14/7% 1 PAGE
- T PRIIGKAM NASATL o T T B
2 REAL*E YFL
3 REAL X(bs1000),RUO(6)2SUMX(6),SUMXSQ(O),STUX(H),STA2(6)
4 T 1. PR2UEYSCHTZ2U6)Y s X0F2(6Y,5USUXT8)»SUSTDX(6),FRE(T4)
5 DATA YsKSTAR, TUASHsNSPCE/ 'Yy tkkt,tat, v 1Y
A "R =6
TTTTTTTTTO0 T READ(S,1YIXa NN ’ T - - T )
4 1 FURBAT(J10s14511)
9 ITHCIXLLELO)STUP
- 10 READ(S 12)IRDsSTSCHI T - T
11 12 FORMAT(OF 4, 1s2F3.0)
12 nulu2L=isre6
- TTTTIY SUSUX(L)Y=D o TTmTrTm T e T e
14 SUSTOX(L)=0
15 102 CUuN | INUE
Y S 01, L=1,HM I T - o -
17 WRIIF(6,18)SI>(HI»NPU
18 18 FURIMAT ('O, *MEANZ "3 F3,155Xs'STD UDEV=',F3.1,5X,
IR - I 1'N=',14/,11X,0(0 YCOR=T,F6,1,2X7) o T T -
20 DULOHN=) s N
21 1o X{1,MNN)=0,0
) T 27 DLU99K =], MR - - -
23 SUMASQIK)I=0,0
24 SUMA (K) =0,
25 99 SINA(K)=0 ‘ ) ) - -
26 DU3Jdsisi
27 Duél=1s12
T T ¢R CALL RANDUCIXsTYsYPL) ; ST o )
29 2?2 X Llad)=X(1lsJd)+YFL
30 X(ly,J)=allsdg)—=6
31 T o bhudk=lsnRy T ) T -
32 IH(JL.NELL)GOTUS
33 X({Kyl)i=x(ls1l)
34 T o6uTU? s -
35 5 X(KyJd)= SI+RUGKI®IX(K,J=1)=ST)+CHE*SORT(L1=(RN(K)I*%2))%(Xx(1,J))
36 7 SUMX(K)=SUMX(K)+X (K, J)
I ¥ A SUMXSGIKR Y =SUMXSUIK)+XIK, Jy®gy ~7 7 - rmm o o mm o e e =
38 3 CUNTIN'IL
39 NUlU3Kk=1,NRU
40 SUMX (K )eSQUMX({K)/H
41 STDAK Y= (SUMXSQIK )=~ (MNR(SUMX (K )RR ) ) )
+7 SIDALK)=SQRTISTOXIK)I/(N=-1))
43 SUSUX (K =SUSUX(K) +SUMXIK)
44 SUSTNX(K) =SUSINX(K)+STOX(K)
4% LLL=1
[1:2 CALl RDLMOU(XsiNsKsSTA2,PR?2,LLL,ST,CHILIERD
47 10} CALL CHISWURIX,N,KyCHT22XNDF2)
4f WRITE(H8)SUMX
T %498 FORMAT (Y VY, YAVERAGE ' »2X,6(F9,5,1X)) "7 7" “’ o
50 WRITE(O6,10)5TUX
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FJRTRAN 1V (VEK L43) SOURCE LISTING: NASAIL PRIGRANM 0l/14/1% 2 PAGL
51 10 FURMAT (! t,rs1p 156(F9.5,1x)) T

52 WRIIF(6525)STA?

53 2% FURMAT(! 1, 0Kk=S STAT ',6(19,5,1x)) ) L
54 KT IE (624 1)PR2

5% 47 FURMAT(! 'S 'PRUB UF '56(F9.5,1%))

56 WRITE(6,87)C1112 o B L .
57 87 FURMAT (' ', 'CHI~SWQ Y56(F9.5,1Xx))

58 WRIIE(6,88)XDF2

59 8§ FURMAT (' ', 'DEGKE FRE'56(F9.5,1x)//) L _ o
60 ML IKKK=),6

ol RRR=zRU(KKK)

Y4 CALL FREQUE (Y oKKKsINoFRED) X o e
63 Calt HISTU(RRR,FRESL4IKSTARSNSPCES JDASH) '

04 11 CUNTINUL

65 HOLO4K =1, NRY) o «
06 SUSUX 1tk ) =SUSUX (k) /0 . - i - o
o7 lub SUSTOX IR Y=QUSTDIX(R) /M

Of WRITE Chs 1 /) SUSUXSSUSTPX e
09 17 FURMAT (PO "SUM AVREL'6(F9,5,1X)»/' S1D AVRE.' B T

70 L»60F9,5%,1x))

At GUTUlLO0

S FND
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(VER La3) SHURCE LISTING: KANDU

SUBKRIUT INE 0L/14/7715 3 PAGL

SUBRNUTINE RANDUCIX»TY,YFL) Tt T T T T T
REAL®Y YFL

Iv=[X%65%39 L ——
TFC1IY)S,656 ' T

Iv=1Y+214748364/71+1

YEL=T1Y _ _ o
YiL=YFL*,46566013E-9 -

Ix=1Y

RETUK] . -

FND -
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‘( - PRODUCT TBILITY S e An.ul-wl "

FIRERPAN TV (VER L43) SUURCE LLISTING:  KULMi SUBKIJUTINE 01/1+/7% 4 PAGE
1 SUBKUUTINE KULMU(XsNsKsZsPRUBS,T -CUD»UsS»IER) T -
2 DIMENSTUN X{6,1000)sPROB(6),2(6)
3 IER=0_ e
4 DU 5 1=¢2,N
5 IF (XK 1) =X(KsI=1))1s555
6 1 TEMP=X(hs1)
7 IM=]-1
8 NO 3 JrisIM
_9_ . L=1-J o e -
10 [FCIEMP=X(KyL))2s4s4
112 X{K,Ltl)=Xx(K,yL) .
12 3 CCUN THUE
13 X(K,1)=TCMP i 0 -
14 GuToS
15 4 X(kyL+i)=TEMP
L6 s CUN{ TnUE )
17 ML=t~
18 CXNERN
19 INETTI i ) T T )
20 F$=0,0
A IL=1
22 6k DUTL=1L,tML s
23 J=1
24 _ 7_1_07()((!\)\1)--X(K;Jfl_))9171‘{‘ _ L )
25 7 CUNT INUE - T T T
26 B J=N
271 9 IL=y+1]
2R -F1=b-'§ ) T T o s
29 FS=rLLAT(J) /XN
30 TV CIFCND=-2) 10513517
31 10 IHis)Il,11s12 T T o o
32 11 ItR=1
33 GU TO 29
T34 12 TR =Xk, J)-0d /S T o Tt T T T
15 CALL NDIR(Z,YsD,K)
36 H0TR27
3713 ITi3¥1l,11,14 Tt T oTm o T T TTT T T T T e
38 14 Z(K)®(X(KyJ)=U)/S+l,0
a9 IF(Z2Z(K))1vsLl5s1l0
Tal 15 Yz0,0 e ‘ T - o
41 HutTw2?
4?2 106 Y=1,=EXP(=2(K))
T3 ) suTR27 ot oo o Tt T T
44 17 IHCIFLNU=4)18,205206
4% 14 1H(S)19,11,19
L IRY) Y=AlaN({X(Kyg)=uU}/8)%0,3183086+0,5 = o T T T m m .
47 CuTue?
48 20 Ih(s=Ulll,lis2l
45 LT IR IxlKeJ)=UY22,22523 B e,y e s e m T T
50 22 Y=0,0
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51

92 2?23

94 24
—5a—"

5% 725

56

Iv

57
58
59 27

26

60
ol
02

63 20
64
05
66
07T 29
68

(VLF

GOTL27

te3)

SIJURCEL

LISTING:

[ (X{K»J)I=S)PDrebs24

Y=lat)
Gy T

Y=(AlKsJ)=U)/LS=))

HuTu27
TeR=1
GuUTu2y

7

E1=ARS(Y=F1)
£5=aRs(Y-F5)

DNSAMAXLCONLELSES)

IV (IL=-N)G,B,28
Z{K)spNESQRT(XN)
CaLl SMIRN(ZsPRURBSK)

ZIK)=Z(R)/SURT(XN)

PROB(k)I=1,0-PRiln(K)

RETubi
(PR

KisLmi)

SUBRIUTINE

01714775

5

PAGE
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1
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N T SV T OISO
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~ L6 o) wine

_LﬂA?
19
20

2l

22
23 9
24

CY(Ki=z0,.uU

g CL ST T STTOTOR TROT R

(VLF L43) SUHURCE LISTING:  SMIKNL SUBRUUTINE OL/14/7% 6 PAGL (
SUBRHUTINE SMIRM(XsYaK) - rmms e
DIMLNSTUN X(6) sV (6)

IFCX(R) =2 T) 1512

GUTU9

CIFCAGK)=1.0)3,56,6

GLEEXP (=1.233/0L/X(K)%%2)
(2=Gl%G1

G4=062%06e

OG8=04%Gy
[F(UR=1.0L~29)455%05
Gy=0,0
Y(K)=Z(7,506028/X(K))%G1%(1,0+G8%(1,0+GB%G8))
GLTu9

TECA(K)I=3, )50 7,7

Y{(rkli=].u

cutuY

GLEFXP (=7 0% xik)I®Ex(r))

re=Gl%Gl

W= ARG

LU=ULa%(4

YIK) =] eu=¢ U (GL=0G4+0EE(01=08) )
FLTuR

F R




A FURTRAM IV (VER L43) SUURCFE LISTING: NODTR SUBRUUTINE

01/14/7% 7 PAGE

T T T SUBROUTTIHE NDTR(XsPaH,K)
? NIMENSTUMN X(6)
k) Xr3X(K)

o 4 ArzAlSS (AX) T oo Tt T T

5 T=1,0/01,0+,2310419%AK)
6 Nz0,319R9423IREXP (=X X%XX/2,0)

T T T T P 0-0%T TR ((T1.330274%T - B212506 )T+, TDIL TR RT - h
8 10,3565638)%1+0,41934815)
9 TH(XX)Lp202

T T T T T p=1.0-P T e e -
11 2 KETURN

_ 12 [ND




IRTLAR Y Y]

,
O(
o

24

v

(VLP Lae3) SUURCL LISTING:

CHISAR

T OSURKNUTENE CHISUR (AN, K, CHIVAL, ADF)

SUBRUUTINE

0L/714/77% 8 PaGt

(

DIMENSTUN A(651000),B(9),CELLIL1U)»XDF(O)CHIVAL(E)

P 1 X=1,10
CLLiL(1X)=0,0
CHIVAL(K)=0,0
Bl)==1,2017
A(2)==0,8414
Bi3)==0,5244
B{4)=-0,2533
FeH)=0,v0
MUCI=0Y
Q(d)==-R{lu=~Jg)
FAPVAL=FLUATIN) /LU,
I3 L=l,n

TEalk, L) LT BN CELLELI=CELL(L)+1,
TP CALK L) o6 o8I CELLELO)=CFLLTUY+],

ME 2 =ds9

TE Gtk b)) BT aBUA=1) o MINLACK, L) oLE 3 G )LL) =CELL M) +],

Cultl [
‘ubd =110

CHIVALCK) =CHIVAL(R)+CCCCFLLOT) =k XPVAL ) #%2) /EXPVAL

XOE (K ) =y =1
R Tukig
Fivh




I———ehpAT UL UL i

A FORTHAN IV (VLI L43) SUUKLE LISTING: FKFJIUE
YT SUBRNUTINE FREQUE (YsMNRNLFR)
2 DIMENSTUN Y(651000)sFR(14),C(13)
3 Nuli=1,14
4 1 freiYso, 7 e
5 Ctl1)==3,0
6 y2Jd=2,13
T2  Clyi=Ccly=11+0.5
B JUTK=1sN
9 THOYCHNSK) JLTCEL2ILOTNG
10 CITIYIANLK) (GELCTIAVYEOTOS S
11 Du3L=2,13
12 LK=L
I IFCAGIINSK)Y GG o C(L=1) JAND,YINNLKY LT, CTLTIGATIS
14 3 CUN ITINUE
1% nuTu?
N ¥ Fri)=Fk(i)+l,
17 nuTu?
LB K FR{lA)zFR(1a)+1,
I U R caTo7 o7 T
20 6 FROLK)Y=FR(LK)+1,
21 7 CuMI UL
YA PUTURN
23 FND

SUBRUUT INE

01/14/7%
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V FORTPAMY TV (VLR La3) SUURCE LISTING:  HISTu | SUBRNUTINE vul/14/7% 10 PAGE

1 SUBRIUTINHE HISTU(RNUSFREQS INSKs NIITH)MINUS) T
2 DIMLENSTU'YY JUUE (LAY FPEQIL4) » TDSHEL32)
3 DIMEHSTUY BCL3) o 4 L
4 DUlI=l,13e
5 1 [LSHO) =t prus
A VTt (hya)R e
7 4 FURMAT(YOCOKR=Y,F5,1)
f vulzl=1, 1K
912 _Jubit i)y =FREQOLD) ) N . o e
10 AR TIC(H, ) (NUTCITY» TE=1s IN)
11 s FOURBAT Y PREQUENCY'51418)
Y KT (670 TUSH o S
13 7 FUKMAT (iX,132Aa1)
14 FMAX=0,U
15 NL2UT=1s10 _
ik TR CEREOUI) JLE JFMAXYLOTH0 B ST
17 FruhastReOC])
L8 20 CuNiTuue — —
19 JSCaAL=1
20 IHFMAX WL .50.,0)00UTUGO
21 JSCAL=(FMAX+49,0) /50,0 o .
22 ARTITE(H 30K JSCAL
23 FURFATCY LACH' 52XsA2s2Xs "ENUALS "5 13, PIIINTSY/)
24 4h0 auHOT=1,114 e
25 490 JOBT 1Y sNuTH
26 M X=FMAA/E LUAT(JSLAL)
27 NURGI=1,MaX L o L
Y i ¥ =([=])
29 DHTud=zls I
30 D CEPLQUII /ELAATCUSCALY JL T A GTTTHTO L
Y Julhi (J) =k e e Tmrmm T
32 79 Cun | INUL
33 LA=A%ELUAT(JSCAL) o . o
YRR WRITECOS ) IXRs CJUITCH ) gzls it}
35 1y FUki AT (16,5 Xs Latbrsn2))
46 nLeGt=slsih
37 %0 TJudi(1yst - T T T o
i WKTIEC(O,T)ITUSH
a9 4(1)==3,0
TTE0 T U905 IK=2,14 T - B T
4l 90% Bk ) =B(TRkR=1)+00,5
9w? ARTTF(691) (BIKKK) pRKK=E1,173)
43 aj FURMAT L INTERVALY 104, 13(Falax) ) 7 - Tt T
wh RETURN
S L b
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